S271 SUMMER SCHOOL 
ADDITIONAL MATHS PROBLEMS 


I. CHANGING THE SUBJECT OF EQUATIONS. 


Find x if 2x 16-7 


1 
Rewrite E = 3 mo? so that v is the subject, not E. 


d? +L? ; ; 
Rewrite R = ad 5° that L is the subject, not R. 


1 
Rewrite hf =o + Me b so that 0... is the subject. 
Find Lif 15-2 = 
in -2TWN 19 


Make n the subject of the formula p = b + (n-1)c 
Make C the subject of the equation F = H C +32 and find the value of C when F = 212. 


(a) Find @if 3 sin@=1 

(b)  FindO if 3 sin 20 = 1 
(c) Find 0 if 3 sin?0 = 1 

(d) Find 6if sin 0 =3 cos 0 


Rewrite dsin 0-7 À so that @ is the subject. 


I—41 1 
Rewrite the equation fa so that f is the subject, instead of f 


+ 
Find the value of f when u = 6 


Find the value of x if LE AE, 1. 


? 2 1 ; : 
Rewrite the equation s, —u.t- 2 a t? so that a, is the subject, not s, 


13. 


14. 


15. 


16. 


YE 


18. 


19: 


20. 


Rewrite the equation 4x? + xy — 332 — 3yx - 7x3? 2 0 ina simple form by combining like 
terms. Find an expression for x in terms of y. 


4 
Rewrite the formula x= Vy Ny * 1 so that y is the subject. 


Rewrite the equation c= 5a - 3b —7a — b? so that a is the subject, not c. 

Rewrite the formula c= Vaso? so that b is the subject not c. 

Given the equation F = bc (x — y) calculate b when c = 10, y = 30, F = 400 and x = 10. 
Given the equation x= Ub find y when x = + 1. (A tricky question!) 

Rewrite the equation y (y-1) — 2 = 2(x-1) — y so that x is the subject. 


: m 9. 
Rewrite the formula u+v= Me — v) to express y i terms of m and M. 


II. EXPONENTIALS AND LOGARITHMS 


Rewrite the following numbers in 'scientific notation', i.e. as a power of ten multiplied by a 
number with only one (non-zero) figure before the decimal point. 
eg. 115 = 1.15 x 10? 


GD- BBY = o cee 
O= Fe ee 
(c) DUDPE. aici 
(d) 346x E een 
(€)  24232c10 Bac eee 


Evaluate the following logarithms (without using tables or a calculator). 
[ N.B. if 10, 2a then log a-x 


e.g. since 10? = 100 then log, ,100 =2] 


(a) logi, 10000 £e Leo ce sire SEU eur sae cCs 
(b) log, jiu 4 e ee fone 
(c) logio DÜUOUOTE. Laoreet 
(d) logis Pucci Titer ere a cordi 


All the following logarithms can be evaluated (without a calculator) given that 
log,j2 = 0.301 


Express the number (whose logarithm is required) as 2 multiplied by a power of 10, or 2 
raised to a power, or both. 
e.g.log,20 = log, (2x10) = log,,2 + log,,10 


= 0.301+1 = 1.301 


(a) logo RUD) r BR ctr a ee oaed 
(b) logio 2 ye Sect aces Gee cepa ee ee 
(c) WO (4) = .................... 
(d) log, (32) = ...................——————— 
(e) logi; CURD gehe tnü es ec Cop oe EUR 


Using the basic rules of logarithms, rewrite the expressions below as a single logarithm 
e.g. log,, 6 + log,,2 = log,, (6 x 2) = log, (12) 


(a) log;,3 + logi, | X sl xc MeL EaesiEsK TR 
(b) 1ogj,8*1og,,2 -..........— 
(c) logo 4 - logi; 3- log;,5 LINEA NUR CIO cU IRE 


(d) 5 log 19 2 E dupecttureee s Eisco c e em e eed 


If 7 =e* what is the value of x ? 


If y 2 5e* draw a rough sketch of the graph of y against x. 
(a) What is the intercept on the y-axis? 
(b) What is the intercept on the x-axis? 


If y=5e™ draw a rough sketch of the graph of y against x. 
(a) What is the intercept on the y-axis? 
(b) What is the intercept on the x-axis? 


A quantity (N) decreases with time (t) according to the exponential decay law 
N=N,e" 
where Np is a constant 
(a) What is the value of N at time t=0 ? 
(b) What (approximately) is the value of N when t = 10É ? 
(c) At what time t is N= Ny2 r 
(d) The decay law can, alternatively, be expressed as 
N =N, e" 
What is the value of the constant 7 ? 


A quantity J decreases with time (t) according to an exponential decay law 

I=" 

where 1 is a constant with a positive value. 

(a) | Make a rough sketch of the graph of I against t. 
(b) Now rewrite the law so that 7n(/) is the subject of the equation, instead of J. 
(c) Make a rough sketch of the graph of 1n(/) against t. 
(d) | What is the slope of this graph if t — 5 ? 
(e) What is the intercept on the /n(J) axis? 


The current (i) from a dc amplifier obeys an exponential decay equation 
i-is e 


where i, is the meter reading at time t = 0 and 1 is a constant with a positive value. 


(a) Rewrite the decay equation so that 7n(i) is the subject, 
instead of i. 

(b) Make a rough sketch of the graph of /n(i) against time (t). 
(c) X What is the slope of this graph if t=5 ? 

(d) What is the intercept on the /n(J) axis? 


III. TRIGONOMETRY AND ANGLES 


In each of Questions 1 and 2 find x and 0 then check your answers using 
sin?0 + cos?0 = 1 


12 
p 
— ON 


12 


NO CALCULATORS ALLOWED FOR QUESTIONS 3, 4 AND 5! 


If dogs find tan 0 


V2 


If wes find sin 0 


If ma find cos 0 


V2 


In Questions 6-11, remember that x radians correspond to 180° and x 22/7 


6. 


10. 


fi. 


An arc has a radius of curvature of 1 m and subtends an angle of 10°. Find the length of the arc. 
Express 1.3 radians in degrees without using a calculator. 

Express 19° in radians without using a calculator. 

Convert 67° to radians, and check your answer using a calculator. 

Convert 110° 24' to radians, and check your answer using a calculator. 


Convert 27/7 radians to degrees, and check your answer using a calculator 


12. Without using a calculator evaluate the following functions 


(a) sin (30°) (g) tan (0?) (m) sin (210°) 
(b) tan (60?) (h) cos (60°) (n) tan (270?) 
(c) cos (45?) (i) sin (90°) (o) sin (—30°) 
(d) — tan (45) Q) tan (90°) (p) sin (0°) 
(e) sin (150?) (k) cos (120?) (q) tan (180?) 
(f) cos (300°) (1) cos (-60?)  (r) cos (0°) 


13. Check your answers to question 12 using a calculator. 


IV. DERIVATIVES AND GRAPHS. 


| 


is the rate of change of y with x 


Draw a rough sketch graph of y against x for each of the following cases: 
(a) y=2x-4 


(b y=6-3x 
(c) y=4x 
(d) y=-2x 


In each of the above cases, find E 


Make a rough sketch of v against t where v = 5 - 2t 


On graph paper, draw a rough sketch graph of y against x where 
y=x24+2x4+1 
Find & at x =0, at x =3.5 and atx = 6.0 


using the following methods (a) from the graph 
(b) using calculus 


The period of oscillation (T seconds) of a simple pendulum is related to its length 
(L metres) by the equation 


TS 


where gg is constant. 


If the graph in Figure 1 represents this 


: à 472 
equation and has a gradient of = 
pues how should the axes be labelled? 


Find the rate of change of the following functions with respect to time (7) 


(a) s(t) = 403 - 1622 + 4¢- 3 
(b) x(t) = -0.244 + 1.522 
(c) y=11r- 45 + 108 


10. 


TL 


(d  f(023-0.32 + 0.923 


A stopwatch starts timing an object moving in a straight line as it passes a reference 
point (P) at an arbitrary time, t= 0. The displacement from P (s metres) of the object is 
related to its time (t seconds) by the equation s(t) = 0.272 + 3t. Find its displacement, 
velocity and acceleration at time t = 2 seconds. 


dy 
If y =x find 7 


eee. 2 
If f = 225 find t 


1 ds 
If sx -5axi? and ax = constant, find | 


If a = 3b? what is the derivative of a with respect to b? 


If x 2 3 fina 2? 


2=@ 


. Figure 1 shows t 
(a) 


SEU: 


(d) 
(e) 


(b) 
(c) 


In Figure 1: 


E 


0b) 


aree vectors, a, b and c. 


What is lal (i.e. the magnitude of a)? 

What is ay (i.e. the x-component of a)? 
What is by (i.e. the y-component of b)? 

What are cx and cy (i.e. the components of c)? 
What is the y-component of the vector -c? 


. The answers to this question can be deduced from Figure 1. 


What is the x-component of the vector q where q = a + b? 


Is la + bl equal to lal + Ibl? 


If p-c-a what is the value of Ipl? 
What does a + Ibl mean? 


‘What is the value of the scalar product a.c? 

What is the direction of the vector v = a x c where x denotes the 
vector product? What are the directions of the vectors a x b b x a, 
b x (-a) and c x (a + b)? oe 
. What is the value of lc x bl (i.e. the magnitude of the vector c x b)? 


ic Mm 


ERST AKA 


Figure 2 shows two vectors a and b 
lal. - 2 Ibl=4 and 0 = 60? 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 


Draw c if: 
Draw c if: 
Find c if: 
Draw c if: 
Draw c if: 
Draw c if: 
Find c if: 
Find c if: 
What is a/b? 


c=a+b 
c=a-b 
c=a.b 
c=axb 
c=2a+ 3b 
c=a-2b 
c=3a.2b 
c=(axb).a 


io 


